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(54) Non-aqueous electrolytic solution for capacitor and capacrtor containing non-aqueous 
electrolytic solution 

(57) A non-aqueous electrolytic solution for capacitors comprising a nonaqueous solvent containing at least one 
cyclic carbonic ester selected from compounds (1), (2) and (3) and an electrolyte; wherein 



(1) is a compound of Formula (I): 



O 



CO 

o 
o> 

o 

a 

LU 



CM 

^ whereinR** to R^, which may be the same or different, are each hydrogen, optionally substituted a Iky I, an optionally 

1^ substituted unsaturated hydrocarbon group, optionally substituted aryl or a group represented by -CHg-O-A in 

O which A is R^, CO-R^ or CO-O-R^ and R^ is alkyi or an unsaturated hydrocarbon group; said compound being 

0> such that: 



(i) at least one of R"" to R^ is -CH2-O-A, with the remaining groups selected from hydrogen, optionally substi- 
tuted alkyI and an optionally substituted unsaturated hydrocarbon group: or 

(ii) at least one of Ri to R-* is an optionally substituted unsaturated hydrocarbon group, with the remaining 
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groups selected from hydrogen, optionally substituted alkyi, optionally substituted aryl and an optionally sub- 
stituted unsaturated hydrocarbon group; or 

(iii) to R* are selected from optionally substituted alkyI and optionally substituted aryl; 
(2) is a compound of Formula (tl): 



(II) 



,6/ 



wherein _ - 

and R^, which may be the same or different, are each hydrogen, optionally substituted alky I or an optionally 
substituted unsaturated hydrocarbon group; and 
(3) is a compound o1 Formula (III); 



o 

0-^0 




wherein 

R® to R9, which may be the same or different, are each optionally substituted alkyl. optionally substituted aryl or 
an optionally substituted unsaturated hydrocarbon group. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a non-aqueous electrolytic solution (or capacitors which contains primarily 
cyclic carbonic ester, specifically a non-aqueous electrolytic solution for electric double layer capacitors, more specil- 
ically a capacitor showing high energy density and excellent wilh-stand voltage and charging/ discharging cycle prop- 
erties, and especially a non-aqueous electrolytic solution that can provide electric double layer capacitors. 

TECHNICAL BACKGROUND 

[0002] Up to the present, capacitors, particularly electric double layer capacitors having a capacity intermediate 
between that of a battery and that o1 a capacitor, as a backup power supply for IC's and memories and a supplement 
or alternative to secondary batteries, have been used widely as a low-power direct-current power supply. In recent 
years, however, there have been new portable electronic devices coming into being on© after another, such as VTR 
with a built-in camera, cellular phones and laptop computers. Amid this trend, there has been a growing demand that 
those electric double layer capacitors used as a backup power supply and a supplement or alternative to secondary 
batteries should have higher energy density 

[0003] These electric double layer capacitors, unlike batteries, do not convert a chemical change into electric energy 
They utilize a large capacity of the electric double layer that occur between the electrodes and the electrolytic solution 
to put in and out an electric charge in the same manner as the charge and discharge of batteries. Such electric double 
layer capacitors are normally so constructed that they use a non-corrosive electrolytic solution that does not corrode 
the capacitor container or the collector made of aluminum, copper or the like and two electrodes formed from a material 
having a large surface area such as activated carbon and a binder such as fluororesins are so arranged that they face 
each other via a porous separator made of polyethylene or polypropylene. 

[0004] As the electrolytic solution for such electric double layer capacitors, aqueous-solution-based electrolytic so- 
lution and organic-solvent-based electrolytic solution (non-aqueous electrolytic solution) are used. However, aqueous- 
solution-based electrolytic solution showing low potential window of electrochemical stability (approx. 1 .2 V) are difficult 
to provide high-energy-densily electric double layer capacitors. 

[0005] By contrast, compared with aqueous-solution-based electrolytic solution, organic-solvent-based electrolytic 
solution (non-aqueous electrolytic solution) show high potential window of electrochemical stability and therefore make 
the formation of high-energy-density capacitors possible. Because of this, the electric double layer capacitors using 
non -aqueous electrolytic solution are beginning to come into use rapidly as a backup power supply for electronic equip- 
ment for non-military use, 

[0006] As such non-aqueous electrolytic solution, a mixture of a non-aqueous solvent such as cyclic carbonic ester 
having exhibiting a high dielectric constant and an electrolyte such as tetraethylammonium telrafluoroborate, for ex- 
ample, is used. 

[0007] However, such electrolytic solution as mentioned above has had the problem of the inner electrical resistance 
of the capacitor going up due to its low electric conductivity making It difficult to obtain high-output capacitors. Fur- 
thermore, when future capacitors have high energy density, the aforementioned electrolytic solution might be insufficient 
in potential window of electrochemical stability Because of this, it has been hoped that a non-aqueous electrolyte 
having better charging/discharging cycle properties will come into existence. 

SUMMARY 

[0008] The inventors of the present invention sought a solution to the problems of the conventional technology as 
described above. The present invention is intended to provide non-aqueous electrolytic solutions which release a little 
gas. have excellent potential window of electrochemical stability and enable capacitors to show excellent charging/ 
discharging cycle properties and safety performance, and capacitors containing such nonaqueous olectrolytic solu- 
tions. 

[0009] The non-aqueous electrolytic solution for capacitors of the present invention comprises an electrolytic solution 
containing at least one cyclic carbonic ester selected from compounds of the following (1 ), (2) and (3) and an electrolyte; 

(1 ) A compound which is represented by Formula (I): 



5 




(wherein R"" to R^, which may b© the same or different, are hydrogen, the alkyi group, the unsaturated hydrocarbon 
group or the aryl group or a group rapresented by -CH2-O-A, wherein A stands for R^, CO-R5 or CO-O-R^ (wherein 
R^ is the alkyI group or the unsaturated hydrocarbon groups]); said compound being such that: 

(i) In Formula I, at least one of R'' to is Iho aforementioned group represented by -CH2-O-A. with the 
remaining groups selected from among hydrogen, the alkyl group and the unsaturated hydrocarbon group. 

(ii) In Formula I, at least one of R^ to R^ is the unsaturated hydrocarbon group, with the remain hg groups 
selected from among hydrogen, the alkyl group, the aryl group and the unsaturated hydrocarbon group. 

(iii) In Formula I, Ri to R^ are selected from among the alkyl group and the aryl group. 

(2) A compound which is represented by Formula (II): 



R R' 



(wherein R^ and R7, which may be the same or different, is hydrogen atom, the alkyl group or the unsaturated 
hydrocarbon group); and 

(3) A compound which is represented by Formula (III): 



35 




40 

(Wherein RS and r9, which may be the same or different, are the alkyl group, the aryl group or the unsaturated 
hydrocarbon group). 

[001 0] The present invention also provides capacitors containing the electrolytic solution comprising the electrolyte 
^5 solvent containing the cyclic carbonic ester of the present invention and an electrolyte. 

[0011] The non-aqueous electrolytic solution for capacitors of the present invention releases a little gas and shows 
high potential window of electrochemical stability and excellent safety performance and charging/discharging cycle 
properties. 

[GDI 2] Especially, the use of the non-aqueous electrolytic solution for capacitors of the present invention in the for- 
50 mation of capacitors enables the obtaining of capacitors which generate high voltage, release a little gas and show 
excellent charging/discharging cycle properties and energy density. This effect manifests itself markedly especially 
when the electrolytic solution is used in electric double layer capacitors. 

BRIEF DESCRIPTION OF THE DRAWING 

55 

[0013] Fig.1 is a perspective view illustrating the structure of the capacitor element of a wound-type electric double 
layer capacitor of the present invention. 

[0014) Fig.2 is a perspective view illustrating the state of the aforementioned capacitor element being inserted into 
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the meta) case as a part integral with the sealing part. 
DETAILED DESCRIPTION 

[0015] Given below is a specific description of the non-aqueous electrolytic solutions and capacitors of the present 
invention. 

NON-AQUE OUS ELECTROLYTIC SOLUTION FOR CAPACITORS 

[001 6J The non-electrolytic solution of the present invention comprises the non-aqueous solvent containing cvcfic 
carbonic ester and an electrolyte. ' 
Cyclic carbonic ester: 

[0017] Given below is a specific description of cyclic carbonic ester. 

(0016] First, an explanation is given of the compound (1 ) which is represented by Formula (1): 

O 



(wherein Ri \o R* which may be the same or diHerent, are hydrogen, the alkyi group, the unsaturated hydrocarbon 
group or the a^yl group or a group represented by -CHz-O-A, wherein A stands for RS, CO-RS or CO-O-RS (wherein 
R IS the alkyl group or the unsaturated hydrocarbon group]); said compound being such that: 

(i) In Formula I, at least one of Ri to R^ Is the aforementioned group represented by -CHj-O-A with the remaining 
groups selected from among hydrogen, the alkyl group and ihe unsaturated hydrocarbon group 

(II) In Formula I. at least one of Ri to R4 is the unsaturated hydrocarbon group, with the remaining groups selected 
from among hydrogen, the alkyl group, the aryl group and the unsaturated hydrocarbon group 

(III) In Formula I. Ri to Ft* are selected from among the alkyl group and the aryl group. 

[001 9] In Formula (I), as examples of the alkyl group, a straight-chain or branched alkyl group having 1 to 20 carbon 
atoms, preferably an alkyl group having 1 to 6 carbon atoms, more preferably an alkyl group having 1 to 4 carbon 
atoms can be cited. Examples include methyl, ethyl, n-propyl. isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl neopenlyl 
and n-hexyl. Out of them, methyl, ethyl, n-propyl, isopropyl. n-butyl, isobutyl. sec-butyl, tert-butyl are most preferable 
As examples of the unsaturated hydrocarbon group, a straight-chain or branched unsaturated hydrocarbon group 
having 2 to 20 carbon atoms, preferab^an unsaturated hydrocarbon group having 2 to 6 carbon atoms, more preferably 
an unsaturated hydrocarbon group having 2 to 4 carbon atoms can be cited. Specific examples include straight^hain 
or branched alkenyl groups such as vinyl, allyl and isopropenyl and straight-chain or branched alklnyl groups such as 
ethynyl and propargyl. As examples of the aryl group, aryl groups having 6 to 30 carbon atorro, preferably 6 to 12 
mnon? ^"'^ "^"^^'^ "sP^^'f'yl- biphenyl. terphenyl. phenanthryl and anlhracenyl can be cited 

c u J!".^ a'ofementioned alkyl group, unsaturated hydrocarbon group andaryl group may have a subslituent group 
Such subslituent group may be the aforementioned alkyl group, aryl group and unsaturated hydrocarbon group for 
example In other words, Ihe alkyl group, unsaturated hydrocarbon group and aryl group may be an alkyl-substiluted 
unsaturated hydrocarbon group, alkyl-substituted aryl group, aryl-subslituted alkyl group and aryl-substituted unsatu- 
rated hydrocarbon group, lor example. As anotherprefsrable example of such subslituent group, an oxygenK=onlaininQ 
group can be cited. m k, yy .-t-uiiidiriing 

I0021J Examples of such oxygen -containing group include the alkoxy group, aiyloxy group, alkanoyloxy qrouo 
alkenoyloxy group, ester group, acyl group, acyloxy group, carboxyl group, carbonate group, hydroxy group peroxv 
friT ^^^^^'^^'^ ^"hydride group. Out of these, the alkoxy group, aryloxy group, acyl group, particularly 
alkanoyl group and alkenoyi group, acyloxy group, particularly alkanoyloxy group and alkenoyloxy group can be cited 
as preferable examples. As examples of the alkoxy group, preferably an alkoxy group having 1 to 30 carbon atoms 
more preferably an alkoxy group having 1 to 6 carbon atoms, can be cited. Specific examples include methoxy, elhoxv' 
n-propoxy, isopropoxy, n-butoxy, isobutoxy and tert-butoxy. As examples of the a^loxy group, an aryloxy group having 
6 to 30 carbon atoms, preferably an aryloxy group having 6 to 1 2 carbon atoms, can be cited. Specific examples include 
phenoxy group, 2,6-dime1hylphenoxy group and 2,4.6-1rimeIhylphenoxy group 
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[0022] An explanation is given of the compound (i) which is the compound represented by Formula (I) wherein at 
least one of to is the aloremeniioned group represented by the aforementioned -CHg-O-A, with the remaining 
groups selected from among hydrogen, the alkyi group aind the unsaturated hydrocarbon group, the following com- 
pounds (A), (B) and (C) can be cited: 

(A) The cyclic carbonic ester which is represented by the following general formula (IV): 



wherein R"" to R^, which may be the same or different, are hydrogen atom, an atkyi group having 1 to 6 carbon 
atoms, an unsaturated hydrocarbon group having 2 to 6 cart>on atoms, a hydrocarbon group having 1 to 7 carbon 
atoms and containing the alkoxy group or an unsaturated hydrocarbon group having 2 to 7 carbon atoms and 
containing the alkoxy group, and R^ is an alkyI group having 1 to 6 carbon atoms or an unsaturated hydrocarbon 
group having 2 to 6 carbon atoms both of which may or may not contain oxygen. 

Particularly, to R^ are preferably H, -CHg, -C2H5. -CH^CH^. a hydrocarbon group having 1 to 7 carbon atoms 
and containing the alkoxy group or an unsaturated hydrocarbon group having 2 to 7 carbon atoms and containing 
the alkoxy group, especially preferably H or -CH3. 

RS is an alkyI group having 1 to 6 carbon atoms or unsaturated hydrocarbon group having 2 to 6 carbon atoms 
both of which nnay or may not contain oxygen. Out of these, an unsaturated hydrocarbon group containing or not 
containing oxygen is preferable. Particularly^ the altyloxymethyl group and the 1 -propenyloxymethyl group are used 
preferably. 

For a combination of Ri to R^ and R5, Ri to are preferably H or -CH3, and R^ is preferably an unsaturated 
hydrocarbon group. 

Examples of such cyclic carbonic ester include 4-propy1oxymethyl-1,3-d'ioxolane-2-one, 4-allyloxymethyl- 
1 .3-dioxolane-2-one, 4-atlyloxymethyl-5-methyl-1 ,3-dioxolane-2-one, 4-allyloxymethyM-vinyl-1 ,3-dioxolane- 
2'One, 4-allyloxymethyl-5-vinyl-1 ,3-dioxo!ane-2-one, 4-allyloxymethyl-5-alllylethylene-1 ,3'dioxolane-2-one, 4-a(ly- 
loxymethyl-5-(2'-methoxyethy!)'1 ,3-dioxolane-2-one. 4- (1 '-prop enyloxym ethyl) -1 ,3-dioxolane-2-one, 4-(1''prope- 
nyloxymethyl)-5-vinyl-1 .3-dioxolane-2-one. 4-propargyloxy-1 ,3-dioxolane-2'one, 4'(3*-butenyloxymethyl)-1 .3-dl- 
oxolane-2one, 4-(2'-butenyloxymelhyl)-1 ,3<tioxolane-2-one. 4.5-dimethoxymelhyl-1,3-dioxolane-2-one, 4-melh- 
oxymethyl-5-vtnyl-1 ,3-dioxolane-2-one, 4-methoxymethyl-4,5-divinyM,3-dioxolane-2-one, and 4-ethoxymethyl- 
4-vinyl-1.3-dioxolane-2-one. Out of these, especialy preferable are 4-allyloxymethyi-1,3-dioxolane-2-one, 4-{V- 
propenyloxymethyl)-1 ,3*dioxolane-2-one, 4-allyloxymethyl-5-vinyl-1 ,3-dioxolane-2-one and 4*(1 **prop enyloxy me- 
thyl) -5-vinyl-1 ,3-dioxolane-2-one. 

(B) The cyclic carbonic ester which is represented by the following (1): 



wherein at least one of R"" to FT* is a group represented by -CHj-O-CO-X (wherein X is hydrogen atom, an alkyt 
group having 1 to 6 carbon atoms or an unsaturated hydrocarbon group having 2 to 6 carbon atoms) and the 
remaining groups, which may be the same or different, are any of hydrogen atom, an alkyI group having 1 to 6 
carbon atoms, an unsaturated hydrocarbon group having 2 to 6 carbon atoms, a hydrocarbon group having 1 to 
6 carbon atoms and containing the alkoxy group, alkanoyloxy group or alkenoyloxy group and an unsaturated 
hydrocarbon group having 2 to 6 carbon atonns and containing the alkoxy group, alkanoyloxy group or alkenoyloxy 
group. 

In the aforementioned Formula (I), X is preferably an unsaturated hydrocarbon group having 2 to 6 carbon atoms, 



O 




(IV) 



o 




so 



4S 
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and particularly the vinyl group and Ihe isopropenyl group are used preferably. 

(I) is CH° O CO X^rii' y ^^"^^^^"'^-^ •'V .he aforementioned Formula 

are preferably H. -CHg. -CgHg or -CHxCHg. ^ different. 

[0023] Exannples of such cyclic carbonic ester(B) include 

4-acetoxymethy|-l,3-dioxQlane-2-one, 

4-propionyloxymethyl-5-viny|.i.3-dioxolane-2-one. 

4-acryloylcxynnethy|.1.3-dioxoIane-2^one, 

4-acryloyoxymGthyl-5-methyl-1,3-dioxolane-2-one, 

4-acryloyoxymethy l-4-vinyl- 1 .3-dioxolane'2-one. 

4-methacry(ayoxymethyl-l.3-dioxolane-2-one, 

4-methacryloyoxym©thyl-5-vinyl-l.3-dioxolane-2'One 

4-methacryloyoxymethyU-vinyI-1 .3-dioxolane-2-one! 

4-methacryloyoxymethyI-4.5-dimethyl-1,3-dloxolane-2-one 

4-(3'butenoyIoxymethyl)*1 .3-dioxolane-2-one, 

4-(3'bulenoyloxynDethyl)-5-allyM.3-dioxolane'2-one, 

4-(3'butenoyloxynnethyl)-5-methoxymethyl-l 3-dioxoIane-?-ftn« ^ /o- k . . 

4-{3 'butynoybxynnethyl)-l .3-dtoxolane.2-one. 

u^sedtSltTrS^^^ 

(C) The cyclic carbonic ester which Is a cyclic carbonic ester which is represented by the following (I): 

O 



o 



55 



[0024] Specific examples of such cyclic carbonic ester (C) include 

4-methoxycarbonyloxymethyH,3-dioxoIane.2-one. 
4-nnethoxycarbonyloxymethyl-5-vinyl-1,3HJioxolane-2-one 

4-ally loxycarbonyIoxynnethyl-1 , 3-dfoxolane-2-one 

loxymethyl).l,3-dlolane2^^r^^^^ '^-allyloxycarbonyloxyme.hy|.S-(f-propeny. 
4-(T-propenylo)cycarbonyloxymethyl)-1,3-dioxolane-2-one, / 
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s 



20 



2S 



4.(V-propenyloxycarbonyloxymethyl)-5-athyl-l,3-dioxolane.2-one, 4-(1^pfopenyloxyca»bony oxy-methyl).5^^^^^^ 
oJvmehvlTsdToxolanoa-o^^^ 4-(3--butenyloxycarbonyloxymethyl).5.5-dimethyl-1.3^1oxolan9-2-one 4-pro- 
7Z7LZSLwA.^or.L...2^n. and 4.propargyloxycarbonyloxymethy.)-5-v,nyl-1,3-d,oxolane. 



2-on9. 



out ot these 4-methoxycarbonyloxymethyl-1,3-dbxolane-2-one. 4.allyloxycarbonyloxymethyl-1.3-dioxolane-2-one. 
?any1o>!;^^onyToxymlyl-5-m^ and 4-(r-propenyloxycamonyloxyma.hyl)-1,3-d,oxolane- 

'''HZT^^'r:Z^l^. o, th. cor.pound(ii) represented by Formula (.). wherein a, .east oneo, RMo 
R4 b an unsaiurated hydrocarbon group, wi.h the remaining groups selected from among hydrogen, the alky, group, 
the aryl group and the unsaturated hydrocarbon group. 




(I) 



In the Formula{.) R^, and R*. which may be the same or dlflerent. are prelerably hydrogen atom, an alkyi group 
W .74 clo • atoms, an unsaturated hydrocart^n group having 2 to 4 cartoon atoms or an aryl Q-UP having 6 
to 12 carbon atoms and at least one of to R* is an unsaturated hydrocarbon group hav.ng 2 to 4 cartoon atoms. 
002q tcamplTs d such cyclic carbonic esterOO include 4-viny.e.hylene carbonate which is represented by Form.Ja 
I) Wherein Ri R^ and R3 are H and R* is the vinyl group; 4,5-divinylelhylene carbonate wh«:h ,s represented by 
FomL (I) wherein Ri and R' are H and and R^ are the vinyl group; 4-methyl^iny.ethylene carbonate which .s 
repTesen Idty Formu.a (I) wherein R1 and R^are H, R3 is the methyl group, and Pfi is the v.nyl group; 4-v,nyl-5-meth- 
Sene caL^ate which Is represented by Formula (1) wherein R1 and R3 are H "T^^ f^^'^^^^^^^ 
Ihe vhyl group; 4-(1'.3'-buladienenyl)9lhylene carbonate which is represented by Formula (0 wherein R' R^ and R 
are H and is the V,9'.butadiencnyl group; and 4-(2',2'-dimethyl)vinylethylene carbonate which is represented by 
Formula (0 wherein Ri , R* and P? are H, R* is the 2\2'-dimethylvinyl group. 
fo(S5 /^^3rUocarbonices,er(ii)represemedbythea,orementionedFormula(l)te 

Ri is CH=CH2. especially preferably vinylethy.ene carbonate or 4.S-divinylethylene carbonate whose R' .s CH^CH^. 
R3 is CH=CH, or hydrogen atom and P? and R* are hydnsgen atom. . . r,^ ■ 

roOMrNext! an explanatton is given of the compound(iii) represented by Formula (1), where.n Ri to R^ ,s a group 
selected from between the alkyI group and the ary. group. 

O 



CO 



In the Formu.a(.), to R". which may be the same or different, are a group selected from between ^e a^M group 
and the aivl group. The alkyI group is preferably an alkyl group having 1 to 6 carbon atoms, more preferably an alky. 
g"oup LvTrlg 1 .0 4 carbon atoms. The ary. group is preferably an aryl group having 6 to 20 carbon atoms, more 

so i:£S'Vr.'^:^Z'^'^^:^^^^^ or .fferen,. are most preferab, an alkyl group having , to 

Sl-lSoxoiane-2-one/4.phenyl-4,5.5-trimethyM.3<Jioxo,ane-2.«^ and 4.4-diethyl-5.5-d^ethyM.3<i.ox- 

SB ra03l''Te preferable examples of the cyclic carbonic ester(.il) are 4,4.5.5-tetramethyM ,3KJioxolane-2-one and 
44 5 5-tetraethyl-1.3-dioxolane-2-onewhoseRMoR*isCH3orC2HsintheFormula 
[0032] Naxt,bBlow is given an explanation ot the compound(2) represented by the following Formula (11). 
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(wharein and PJ, which may bo the same or different, are the alkyi group or the unsaturated hydrocarbon group). 
[0033] In the Formula, and R^, which may be the same or different, are preferably an alkyI group having 1 to 4 
carbon atoms or the unsaturated hydrocarbon group having 2 to 4 carbon atoms. 

[0034] Examples of such cyclic carbonic ester(2) include vinylen© carbonate, 4,5-dimelhytvinylene carbonate and 
4-ethylvinylene carbonate. 

[0035] The preferable examples of cyclic carbonic ester{3) are vinylene carbonate, 4-methylvinylene carbonate and 
4,5-dimethytvinylene carbonate whose and R^ are hydrogen atom or the methyl group. 
[0036] Below is given an explanation of the compound(3) represented by Formula (111). 



o 



20 




<nr> 



wherein R^ and R^, which may be the same or different, are the alkyI group, the aryl group or the unsaturated hydro- 
carbon group. 

[0037] Examples of such cyclic carbonic ester(3) include 5,5-dimethyl-T,3-dioxane-2-one, 5,5-diethyl-l ,3-dioxane- 
2-on©, 5,5-divinyl-1,3'dioxanB-2-one, 5-vinyl-5-methyl-1,3-dioxane-2-one and S-ethyl-S-methyl-l ,3-dioxane-2-one. 
30 [0038] The preferable examples of the cyclic carbonic ester(3) are 5.5-dimethyl-1 .3-dioxane-2-one and 5,5-diethyl- 
1 ,3-dioxane-2-one v^rfiose and are CH3 or C2H5, 

[0039] Such cyclic carbonic ester represented in (1 ), (2) and (3) above shows excellent acid resistance, is not oxidated 
when allowed to stand in the atmosphere, and is chemically stable without reacting with water under normal storage 
condrtions or reacting with highly reactive substances such as metal lithium. Furthermore, such cyclic carbonic ester 
35 has the properties of being physically safe, being not readily decomposed thernnalty and being flame-retardant and 
resistant to electrochemical oxidation or reduction. 

[0040] Therefore, such cyclic carbonic ester can be used suitably for a solvent tor the electrolytic solutions for use 
in capacitors, batteries and electrochemical reaction. Moreover, such cyclic carbonic ester can be used suitably in 
pharmaceuticals, agrochemicals, acrylic fiber processing agents, polymer compound solvents and organic intermedi- 
"to ates- Non-aqueous solvent for electrolytic solution: 

[0041] In the present invention, non-aqueous solvents containing the aforementioned cyclic carbonic ester are used 
as the solvent lor electrolytic solution . Such solvent may be one or more solvents of the aforementioned cyclic carbonic 
ester or a mixed solvent with another solvent. 

[0042] Examples of such another solvent include cyclic carbonic esters such as ethylene carbonate, propylene car- 
-^5 bonate. butylene carbonate and vinylene carbonate; chain carbonic esters such as dimethyl carbonate, methylelhyl 
carbonate, diethyl carbonate, molhylpropyl carbonate and methylisopropyl carbonate; cyclic esters such as y-buiyro- 
lactone, S-methyl-y-butyroIactone and 2-methyl-Y-butyrotactone; chain esters such as methyl formate, ethyl formate, 
methyl acetate, ethyl acetate, propyl acetate, methyl propionate, methyl butyrat© and methyl valerate; cyclic ethers 
such as 1,4-dioxane, 1,3-dioxolane, tetrahydrofurane, 2'melhyl tetrahydrofurane and 3-methyI-1 ,3-dloxolane,; chain 
so ethers such as 1 ,2-dimethoxyethane, 1,2-diethoxyethane, diethylether, dimethylether, methylethylether and dipropyl- 
et her; and sulfur-containing compounds such as sulfolane. 

[0043] Further, as cyclic carbonic ester, the cyclic carbonic ester having the halogen atom-substituted alky I group 
described in Japanese Laid-open Patent Publication HEI 9-63644 may be used in addition to the aforementioned cyclic 
carbonic esters given as examples. Examples of such cyclic carbonic ester include monofiuoromethylene carbonate, 
^5 difluoromethylene carbonate and trifluoromethyl-ethylene carbonate. 

[0044] These solvents may be used singly or in combination with one or not less than two of them. 

[0045] In the present invention, if the cyclic carbonic ester represented in (1), (2) and (3) above and another solvent 

are mixed, the cyclic carbonic ester represented in (1). (2) and (3) above is contained in such electrolyte solvent pref- 
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erably in the amount of at least 0.1 wt%, preferably not loss than 0.5 wt%. nnore preferably 1 to 100 wt%. against the 
total amount of the electrolyte solvent. 

Electrolyte: 

[0046] Specific examples of the electrolyte contained in the non-aqueous electrolytic solution for capacitors to which 
the present invention relates include ammonium salts such as letrabutylammonium tetrafluoroborate ((C4H9)4NBF4). 
tetraethylammonium tetrafluoroborate ((C2H5.)4NBF4), triethyl-monomethylammonium tetrafluoroborate {{C^q};^ 
(CH3)NBF4). tetrabutylammonium hexafluorophosphale ((C4H9)4NPF6). tetraethylammonium hexafluorophosphate 
{(C4H5)4NPF6) and Iriethyl moonomethylammonium hexafluorophosphate ((C2H5)3(CH3)NPFg); phosphonium salts 
such as tetrabutylphosphonium tetrafluoroborate ((C4Hg)4PBF4), tetraethytphosphonium tetrafluoroborate 
((C2H5)4P8F4), tetrabutylphosphonium hexafluorophosphate ((C4H9)4PPF6) and tetraethylphosphonium hexaFluoro- 
phosphate {(C2H6)4PPF6); and the electrolytes used normally for the electrolytic solutions for electric double layer 
capacitors, such as the electrolyte described in the International Publication W095/15572 Publication. 
[0047] Out of these. (C4H9)4NBF4, (C2He)4NBF4 and (C2H5)3(CH3)NBF4 are preferably used. 
1004S] The electrolyte is contained in an amount of normally 0.1 to 3 mol/Iiter. preferably 0.4 to 1.5 mol/liler, rrrare 
preferably 0.5 to 1 .5 mol/Iiter in such non-aqueous electrolytic solution for capacitors. Since the non-aqueous electro- 
lytic solution for electric double layer capacitors of the present invention contains the cyclic carbonic ester represented 
in (1).(2) and (3), it shows high potential window of electrochemical slabiltty and excellent charging/discharging cycle 
properties. Moreover, the non-aqueous electrolytic solution of the present invention shows a high flash point and ex- 
cellent safety performance compared with such conventional solvents used for electrolytic solutions as i ,3Hdioxolane, 
tetrahydrofuran and 1 .2-diethoxyethene. Because of this, the use of he non-aqueous electrolytic solution for electric 
double layer capacitors of the present invention enables the obtaining of electric double layer capacitors which show 
high safety performance and high with-stand voltage and excellent charging/discharging cycle properties. 

Capacitors: 

[0049] The electric double layer capacitors are made up of two electrodes, a separator and normally a corrosion- 
resistant electrolytic solution. The two electrodes formed from a material having a large surface area such as activated 
carbon and a binder such as fluororesins are so arranged that they face each other via a porous separator made of 
polyethylene or polypropylene, and the space between these electrodes and the porous separator and the inside of 
the porous separator are filled with the electrolytic solution, 

[0050] As the electrodes, electrodes formed from a material having a large surface area such as activated carbon 
and a binder such as fluororesins are used preferably. 

[0051] As the electrode material, activated carbon is preferable. As examples of activated carbon, fibrous or powder 
activated carbons can be cited, such as phenol-based, pitch-based, polyacrylonitrile-based and coconut-shell-based 
activated carbons. Normally, activated carbons having a specific surface area of not less than 1 ,000 m^/g are preferable. 
Further, as examples of the method for activating carbon, the steam acllvation and alkali activation methods can be 
cited. 

[0052] As examples of the binder, carboxymethylcellulose, polyvinylidene chloride, polyvinyl pyrrolidone, polyimide. 
polyvinyl alcohol and polyacrylic acid. Further, a combination of the aforementioned electrode material (activated ma- 
terial and a collector is normally used preferably tor the electrodes. 
[0053] As the collector, aluminum foil, for example, is used preferably. 

[0054] As preferable examples of the separator, porous films and nonwoven fabrics made from polyolefin such as 
polyethylene and polypropylene can be cited. 

[0055] Given below is an explanation of a specific example of tho electric double layer capacitors, using a drawing. 
[0056] The Fig.1 and Fig.2 of are the illustrations showing the structure of the capacitor element of a wound-type 
electric double layer capacitor, which is a type of electric double layer capacitor and the state of the aforementioned 
capacitor element being inserted into the metal case as a part integral with the sealing part. In the Fig.1 and Fig 2 1 
represents a capacitor element, and this Capacitor Element 1 is formed by winding Polarizable Electrode 3 on the 
anode side to which Anode Side Lead Wire 2 is connected and Polarizable Electrode 5 on the cathode side to which 
Cathode Side Lead Wire 4 is connected, with Separator 6 placed in-between. Sealing Part 7, made of mbber. is attached 
to the Anode Site Lead Wire 2 and Cathode Site Lead Wire 4 of Capacitor Element 1. Further, Capacitor Element 1. 
previously impregnated with a driving electrolytic solution, is put in Metal Case 8 made of aluminum in a bottomed 
cylindrical form. As a result of Capacitor Element 1 being housed in Metal Case 8. Sealing Part 7 is located at the 
opening of Metal Case 8. and the opening of Metal Case 8 is sealed by subjecting the case to the processing of side 
squeezing and curling. As a result, Sealing Part 7 is caused to fit into the opening of Metal Case 8. 
[0057] In the foregoing, an explanation is given of an electric double layer capacitor of the wound type. However, 
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Llr n^L!. r T " be ach,eved by using ihe electrolytic solution of the present invention in other oloclric double 
laye capacuors having a structure d.lfereni irorr, that of the wound-type electric double layer capacitor such as the 
e ec nc double layer capac.or of the coin type described in the Japanese Published Paten HB 3 5 264 PuSlicl.S 



EXAMPLES 



^o 



[0058] (n Ihe following examples are described several preferred embcxiiments to iliMctr^,(« ih. n.^. t ■ 

ITr' °' 'he potential window ot electrochemical stabi y ofreXtr^Mio 

soluton and Ihe chargng/dlscharging lest were conducted as described below electrolytic 
[0080] The results are shown in Table 1 . 



Potential window of electrochemical stability; 



[0061] The aforementioned electrolytic solution was put in a three-pole potential window of electrcchemical stebiiitv 
electrode as the reference electrode, and the electric potential was scanned at 10 mV/.«- h,, . . " 

Charging/discharging Test: 

IS 0^l7Jt fcS;^^^^^^^^^ ""'"^ "^^'^^^^ °' "^^^'S'^a ^ -P-="- "P 1o « 'inal charging 

dlsc^^S^^^^^^^ 

Jheamounlo, Change .n the capacnyofthe wound-type electric double layer capacitor ^^^^^^^ 
Example 1: 

[0063] 25 milliliters of non-aqueous electrolytic solution were prepared by dissolvina 2 1 7 o ro Oi mnh m t . « 

[0065] Further, In the following Examples, wound-type electric double layer capacitors slmLr to th« In f rr 
. were prepared, and a chargins/discharglng tes, was conducted on the w'ol^d^^^^^^^^^^ 



Example 2: 



100661 25 milliliters of non-aquaous electrolytic solution were prepared by dissolving 2 71 a fO 0125 moH r,l t«.r»fi, 

[0067] The results are shown in Table 1. 
Comparative Example 1: 

[0068] An elecroviic solution was prepared >n Ihe same manner as described in Example 1 except that propylene 
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carbonate was used in place of 4-mQlhacryIoylo)cymelhyt-1,3'dioxolane-2-ono in Example 1. 

[0069] Moreover, a wound-type electric double layer capacitor was prepared In the same manner as described in 
Example 1 excepi that the electrolytic solution of Comparative Example 1 is used. A charging/discharging test was 
conducted on the wound-type electric double layer capacitor under the same conditions as those of Examples 1 and 2 
[0070] The results are shown in Table 1 . 



Table 1 
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Solvent 


Potential window of electrochemical stability (V vs 
A9/Ag+) 


Amount of 
change In 
capacity (%) 








Oxidation 
potential (V 
vs Ag/Ag+) 


Reduction 
potential (Vvs 
A9/Ag+) 


Potential 
difference (V) 




IS 


Example 1 


4-methacryloyioxymethyl- 
1 ,3-dioxolane-2-on0 


3.8 


'3.3 


7.1 


-4 




Example 2 


4-acryloyloxym ethyl- 
1,3-dioxoIane -2-one 


4.8 


-3.5 


8.3 


-3 


20 


Comparative 
Example 1 


Propylene carbonate 


2.4 


•3,1 


5.5 


-12 



55 



[0071] It can be seen from Table i that since Examples 1 and 2 show high oxidation potential and a significant 
potential difference between oxidation potential and reduction potential compared with Comparative Example 1, Ex- 
amples 1 and 2 show high potential window of electrochemical stability. Furthermore, it can also be seen that since 
the wound-type electric double layer capacitors using the electrolytic solutions of Examples 1 and 2 show only a slight 
change in capacity after the charging/discharging test compared with the wound-type electric double layer capacitors 
using the electrolytic solutions of Comparative Example 1 , the use of the electrolytic solution of the present invention 
makes possible the formation of electric double layer capacitors which show high with-stand voltage and excellent 
charging/discharging cycle properties. 

Example 3: 

[0072] 25 milliliters of non-aqueous electrolytic solution were prepared by dissolving 2 J 7 g (0 01 mol) of tetrafluor- 
oborate tetraethylammonium((C2H6)4NBF4) in 4-alIyloxycarbonyloxymethyI -1.3-dioxolanB-2-one (electrolyte concen- 
tration: 0.5 moWtler). The potential window of electrochemical stability o1 the electrolytic solution thus obtained was 
determined. A charging/discharging test was conducted on the wound type electric double layer capacitor thus obtained 
in the same manner as described in Example 1. 
10073] The results are shown In Table 2. 

Example 4: 

[0074] 25 milliliters of non-aqueous electrolytic solution were prepared by dissolving 2.71 g (0.01 25 mol) of tetrafluor- 
oboraie tetraethylammonium ((C2H6)4NBF4) in a mixed solvent of 4-methyloxycarbonyloxymethyl-1 .3<iioxolanG-2-one 
and propylene carbonate mixed in a ratio by weight ol 1 :4 (electrolyte concentration: 0.5 mol/liter). The potential window 
of electrochemical stability of the electrolytic solution thus obtained was determined. 

A charging/discharging test was conducted on the wound-type electric double layer capacitor thus obtained in the same 
manner as described in Example 1. 
[0075] The results are shown in Table 2. 

Example 5: 

[0076] 25 milliliters of non-aqueous electrolytic solution were prepared by dissolving 2.71 g (0.01 25 mol) of tetrafluor- 
oborate tetraethylammonium((C2H5)4NBF4) in 4-ailyloxymethyl-1.3-dioxolane-2-one (electrolyte concentration- 0 5 
mol/lfter). The potential window of electrochemical stability of the electrolytic solution thus obtained was determined 
A charging/discharging test was conducted on the wound-type electric double layer capacitor thus obtained in the same 
manner as described in Example 1. 
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[0077] The results are shown in Table 2. 
Example 6: 



[0078] A non-aqueous etecirolytic solution was prepared in lha same manner as described in Example 5 except that 
4-1 -propenyloxymethyl)-1 ,3-dioxotane.2-one was used in place of 4-al(y)oxymethyM .3^ioxolane-2-one The poten- 
lal window of electrochemical stability of the electrolytic solution thus obtained was determined. A chargino/discharqinQ 
est was conducted on the wound-type electric double layer capacitor thus obtained in the same manner as descrLd 
in example 1 . 
10 [0079] "ITiB results are shown in Table 2. 



so 



Example 7: 



(0080) A non-aqueous elecirolytic solution was prepared by dissolving 2.71 g (0.01 25 mol) of tetrafluoroborale tetra- 
ethylammonium ((CjHs)4NBF,) in 4-vlnylethylene carbonate (electrolyte concentration: 0,5 mol/lito,). The potential 
window of electrochemical stability of the electrolytic solution thus obtained was determined. Acharging/aischarqino 
test was conducted on the wound-type electric double layer capacitor thus obtained in the same manner as descrLd 

in cxample 1 , 

[0031] The results are shown in Table 2. 



Example 8: 



fOOM] A non-aqueous electrolytic solution was prepared In the same manner as described in Example 7 except that 
4 5.<^iviny ethylene carbonate was used in place of 4-vinylethytene carbonate. The potential window of electrochemical 
stability of the electroVlic solution thus obtained was determined. A charging/discharging test was conducted on the 
wound-type electric double layer capacitor thus obtained in the same manner as described in Example 1 
[0083] The results are shown in Table 2. 



Example 9; 



[0084] 25 milliliters of non-aqueous electrolytic solution were prepared by dissolving 2.71 g (0.01 25 mol) ol tetrafluor- 
oborale tetraethylammonium ((CaHs)4NBF4) In a mixed solvent of 4-vinylethylene carbonate and propylene carbonate 
niixed in a ratio by weight of 5:95 (electrolyte concentration: 0.5 mol/liler). The potential window of electrochemical 
stability of the electrolytic solution thus obtained was determined in the same manner as described in Example l A 
charging/discharging test was conducted on the wound-type electric double layer capacitor thus obtained in the same 
manner as described in Example 1. 
[0085] The results are shown in Table 2. 



Example 10: 



[ooaq 25 milliliters of a non-aqueous electrolytic solution was prepared by dissolving 2.71 g (0.0125 mol) of telrafluor- 
oborate-4-6 hylammoniom ((C^Hgj^NBF^) In vinylene carbonate (electrolyte concentration: 0.5 moMiter) The potential 
window of electrochemical stability of the electrolytic solution thus obtained was determined. A chargingAiischaroinq 
« rExTmpI^"""' ^'^'"^ l^y«' "Pa'=»°^ Obtained in the same manner as described 

[0087] The results are shown in Table 2. 



Example 11: 



[0088] 25 milliliters of non-aqueous electrolytic solution were prepared by dissolving 2.71 g (0.01 25 mol) of tetrafluor- 
oborale t.etraethylammonium ((C,H5),NBF4) in a mbced solvent of propylene carbonate and vinylene carbonate mixed 
tn a rBt,o by weight of 95:5 {electrolyte concentration: O.S mol^iier). The potential window of electrochemical stability 
of the electrovtic solution thus obtained was determined. A charging/discharging lest was conducted on the wound^ 
type electric double layer capacitor thus obtained in the same manner as described in Example 1 
[0089] The results are shown in Table 2. 
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Example 12; 



(0090) 25 milliliters of non-aqueous electrolytic solution were prepared by dissolving 2.71 g (0 0125 mol) of tetrafluor 
oborate .etraethylammoniuni ((C3H,),NBF,) in a mixed solvent of S.S-dimethyM ,3 Joxane anTp oXa « 

stability of the electrolytic solution thus obtained was detem^ined. A charging/discharging test vTs cc^ducSon he 
wound-typa electric double layer capacitor thus obtained in the same manneT as described^ "4p" 1 
[0091] Tho results are shown in Table 2. acum^iu . 
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j Solvent 


Potential window of electrochemical stability (V 
vs Ag/Ag+) 


Amount of 
change in 
cacacitv 


Oxidation 
potential (V 
vsA9/Ag+) 


Reduction 
potential (V 
vs Ag/Ag+) 


Potential 




Example 3 


4-allyloxycarbonyloxymethyl- 
1 ,3-dioxoIane-2-one 


4.2 


-3.1 


7.3 


-2 


Example 4 


4-mGthyloxycarbonyloxymelhyl- 
1 .3-dioxolane-2-one/ propylene 
carbonat©(1/4) 


3.0 


-3-1 


6.1 


-3 


Example 5 


4-allyloxymethyl -1.3-dioxolane' 
2-one 


3.6 


'3.1 


6.7 


-6 


Example 6 


4-(1 -propenyloxymelhyl)- 
1 .3-dioxoIane-2-on9 


5.3 


-2.2 


7.5 


-5 


Example 7 


4-vjnylethylene carbonate 


2.8 


-2.1 


4.9 


-7 


Example 8 


4,5-divinylethylene carbonate 


3.1 


-2.2 


5.3 


-8 


Example 9 


4-vinylQthylene carbonate/ 
propylene carbonate (5/95) 


3.1 


-2.3 


5.4 


-9 


Example 10 


Vinylene carbonate 


3.6 


-2.6 


6-2 


-4 


Example 11 


Vinylene carbonate/ propylene 
carbonate (5/95) 


3.0 


-2.7 


5.7 


-5 


Example 12 


5,5-dlmethyl-l,3-dioxane-2-one 
/propylene carbonate (1/1) 


3.6 


-2.6 


5.2 


-6 
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capacitors by 



^LcT^LZ , ^" "''P'^"^""" gf^^" ^< the non-aqueous electrolytic solution for 

thTsa^rcL, car^ JrH^ K "° --^"^ '-itod by this, and 

the same effect can be achieved even ,n the case of using the electrolytic solution lor aluminum electrolytic capacitors 



Claims 



so 



A non-aqueous electrolytic solution for capacitors comprising a non-aqueous solvent containhq at least one cvclic 
carbonic ester selected from compounds (1), (2) and (3) and an electrolyte' ^ ^ 

wherein (1 ) is a compound of Formula (I): 
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O 

„ (I) 



50 



45 



SO 



wherein 



(() at least one ol Ri to is -ch n a t*,uK 

stitutad unsaturated hySroc^oo gll^p or ^ ' ''""""""^ ^"""^'""'^^ ^ «P'io"a.ly sub 

(iil)Ri to are ealoctad from optior^lly' substituted a.ky, and optior,ally substituted ^ry,; 



(2) is a compound of Formula (II): 



O 



(") 



wherein 



sltr^ ::::i:^X^Lzziz:z -^---^ - - °p-na.,y 

(3) is a compound of Formula (HI): 




(III) 



55 



-a,M.cp..ona,iysubs,i.u.edarv,or 

SCnaaSTr" -^-C Forr^ula (I) wherein 

a. ,eas. on o. ,o is .ns/.ated h^dlocir Tro^a ° "^1^^^^^^^^ '° ^ ^ ^'^^ -™ 
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3. A solution according to clarm 1 , comprising an ester of Formula (IV): 

o 

-A 




- ai^ .... \ ,os car^o,, 

atoms or an unsatu-Bted hydrocart^n Zp ^^00 i tf 7 .fh T' ^" ""^"'"^ ' ^ 

IS ar, alM group having 1 ,'0 6 «r^n oZ7uns^tlrTZ^r^^:^ k'"' ^-^up. and BS- 

of which may or may not conlaln oxygen. ""s^'^^ated hydrocarbon group having 2 to carbon atoms both 

" atirrrRto^^^gircH^oSrh'^ 

oran unsatura.JhyTrl'ZgJ^^ptZl:o"«^^^^^^ 

same or d^erent, are any o, hydroge^'ra^ ^^^^^ ^^Pf • ^^'^^ -a/ <'>e 

group having 2 to 6 carbon atoms an alkoxvalkvl ni^Vn . . . ^ ""saturated hydrocarbon 

- alkenoyloxy group and an unsat^rLd hSSn gZp hS \l 6 ^L" T 'nli '""^^ 
group, alkanoyloxy group or alkenoyloxy group. ^ " ^^"'"^ containing the alkoxy 

- atom or .n unsaturateTh drlLTon^'gr^-^^^^^^^^^^ Te.TrL^^SLT^ T ^""^ '^"'"^ ' '° ^ 

the same or different, are any of hvdroaen an aZ?nrn?.n h , .T' ^ ""^ '^rrmMng groups, which may be 
group having 2 to 6 carbon alls ^'aTko^ oZ I«v'"' ? ^" ""''^'"^^'^'^ hydrocaLn 

carbon group having 2 to 6 carbon' aToms'ZStr^r ^^^^ ^" ^Vdr. 

R .0 are selected from alky, groups having t .0 4 carbon atoms and ary, gliuTs^a^^^ 

7. '^^^acitorcomprlsinganon-aquaouselec.rov.tsolutionaccordingtoanyoneof cbimst ,0 6. 
-° 8. A capacitor according to claim 7 which is an electric double layer capacitor. 

' t:r^:r:rr^:;at.:^^^^^^^^^^^^^^ 

electrodes using activated ca*on po^djras re.rcS','^^^^^^^^ ''^ "^'^"'^^'"^ 
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